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PRESSURE-DROF OEARAQTERISTICS OF :ORIFICE PLATES

USED TO SINULATE RADIATORS '-.:-.: :
"By K, B, Osarnecki = ' : - . o
SUMMARY B '

An investigatlion of the pressure~drop characteristics
of orifice plates has bean conducted to-fasilitate the
design of reslstances to simulate varlous types of cooling
unite. It was found that the use of oriflee plates 1is
practical because of the simple conatruction of the plates,
the eaese with which the pressure drop can dbe varled by the
uee of corks, and the absence of any large secale effects.
The orifice coefficient was fourd to vary as the 0,041
pover of the pressure~drop coefficient timee the conetant

.69, : :

INTRODUCTION

In tests of cooling-air ducts it 1s inconvenlent and
often impractical to-use model radiators, particularly
when the model being tested ie dbnly a fraction of the
gize of the original airplsne. For wind-~tunnel tests, re~
sistances, such as screens and orifice plates, are gener-
ally used. to eimulate the radiators.'. In order to facili-
tate such testd, an’ 1nveetiget10n of the preeeure-ﬂrop

' cherapteristiae of orifice blates has bden cdnduoted.

ﬁind-hunnel tests have sHown ‘that’ ‘the preesnre—drop

goefficient of a screen or combination ‘of ‘doreens ie de-
pendent upon the velocity of the air through %t {f1g: 1),
and considerable calibration ie required before the* -’
actual testing can begin. Tie tests of the orifice plates
‘were made to determine the praotidabili#y of using such
Plahes to similate radiaﬁore and to obfain dqta #¥om ‘which
the plates could Ve desfgned. ' 'Some modifications ‘in the

" arrangement .of the orifices. and in the " method qf mounting
the orifice plate in the duct were aleo investigated over
a range of Eeynolde numbers. These tests were mads By the
FACA at the Langl ey Memorilal Aeronautical Laboratory,
Langley Field, Va.
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aA» pressure drop acroes oriflce plate
c orifice coefficlent
ag dynamic pressure at fauce of orifice plate

'Apjgnl'preaeura-drop coefficient
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t thicknese of orifica. platt : ‘I
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Ag open-hole area
AH effective ovpen-~nole area

e
Ap orifice-plate area
D dlameter of holes
VH valocity through{h%i%:'“it':
v _ zkinematic visco ip .y 2 ot
: ' --nr nd .‘_ e = - !
R Reynoids'nqmbef (V j ceon et e,
. =:.,. B E P . fowli bun L
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R | QJLLMEJE.AND xmwa&»s'v::a ¢ r Been
' . T T P IO KL .::n- 4 rmitn o *

Four aluminum orifice plqtes, 1/4 inch thick were
tested.. .. PThree -of: the plates were' revtangular (fig. 2)
and of, identical constructior: -the:fourtk wss semicirctlar
and had- a differept hole -apnsing: (f1g. 3)..* The holes ¥ere
¥/2 Ypnch in-.diameter and were purched::in ‘the same direc-
tlion. in each plate.: Excessively..largé burrs left by the
punching process were removed; -but no ﬁttnmpt Waa made to

flle the-adgeq of %the holaa mmooth' T . I

The orifice plates~WE:e inatalled in ducte of uniform
cross section (fig&..ﬂ and F) and were mourtei 1h tho open
test section of the 1/15-goale model of the Nala full-
scale.wind tunnel (referemce 1). In general, the blates
were installed with the rough faoces on the dowhstream side
and with the spaces between the plates and the duct walls
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“unegdled.: Several ‘rung-were mpade, howeyver, to determine
the eifect of inetalling.the.plate with: the rough face

- forward and*of eealing the -gap. 'between the plates and the

.duet‘walls..~Grids . of 1/i6-inch-diameter total- and .
sbatlic-pressurs tubss ‘were installed both at.the front

“.face®wr of the plates, and. at some.statlon. downatraam of the

plates. .In .the rsetangular duct the.-rear grid of tuhee

.+ was located- at:three:different distances. (15, 26,-and 45

ihoches ) behind the.reslstance in order to. detprmine the
“effects 0f the turdbulence on the- resultsej: in.the prcond
*dust’ the:grifd was logcated- 36.inches- behind tha-resis}nnce.
In-some:of the-.tests mat low. airnpeod&, 12 order. .o, im-.
Prove the accuracy of the veloclty meaaurementa,'a cnn-
striction was built into the rear of the duct and the
velocity.measurementn were .made. at. that. statlon, .-
Corka. 3/4 inch in diameter ‘at ‘the. middle saction.

were lnserted in the orifice plates from front to Tear
to obtain various pressure drops. Varloue patterns glv-
.ing the same ratioe of open area to plate area were in-
vestigated. The effect of varylng the cork size and of
ingerting the corks from rear to front was also deter-
mined. Ratios of free area to plate area from 0,038 to
0.8580 ‘were .1nvestizgated over a range of Reynolde numbers
from 5,000 to 50,000,

RESULTS AND DISCUSSION

Typlcal curvee of the nondimensional pressure-drop
coefficient Ap/qR plotted against Reynolds number are

shown in figure 6. The loes in total presdure across "the
plate, which was checked againet the loss in statlc pres-

:.sure, was used to compute the coefficient. No apprecl-

able scale effects were found for any of the open-area

to plate~area ratios %ested. ‘A variation of the pres-

sure 4rop with the Reynolds number ie usually caused by
a change in location of the point of separation of the

alr stream from the eolld boundary. The use of sharp-

edge Loles, such-as those In:the orificé plate; fixes:

the point of separation at the sharp front edgé of the

holes and minimizes ucale effect,

It was found that, for a given Ag/Ap ratio, the

pressure-drop coefficient for an individual orifice plate
might vary approximately 3 percent from the average for
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the- iou# plates._ This variation, which'wne prdbably ‘due
40 'the use -of &iee having varying degreas éf éharpﬂaes.

« gould be el¥minegted, at least partlkv, by the comprete re-

~m0val of Burrs left, by the .punching procese. Ths ingtal~
lation o2 the plate with the rough face Torward or the
rﬁee of rough corks increased the préssture-drop coefficient
eonroximately a’ percent. however, ssalling the gap between
-the plhte and‘ the duct wgll, -inserting the’ corTks" from rear
to-front, -or changing the corx si¥e caused no change in
-the preeeure ‘drop Within the ~rperimental’ eccuracy of .the
teste. Only an éxtreme nonuciformity of- ‘d1etribition of
the corks-cdaused any noticeable effect on the . pressure
droo. . T T

'; “ The averqge preeeure-drop coefficiedte and correepond—
.ing ‘orifice codfficients are presented .in figure 7 " The
orifice coeff*cient 1s defined a®s .' :

- ST ” T G'=; ' ol - :.—’.'..(1)

where the effective, open, area, 6 Ay ;: dp.defined by the
R e

equation
. [P Y S ' \' 3 T :
WICEEE S Y ST T
) . . . sy 'A'P = .q- (huind s SRR, § ] . ) (2)
- . . R (Aﬂﬁ- . .o oot n
Y - .
"s g L
Avcordiagly, . Lat '
) L, oA A ) ] -
‘ o LG = ,R]/V;H - LB
- - : e R ) .
: L &p \ S .
o i L 3 R TP .

It was found that the orifice .eqef ficLent could .be repre-
sented by the equation :

. - ] -
- H . r
v - LI - [ .

- T 2\1-, fo.031 IFTT e
o . c = 0.69 (n—-l— (4)
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Figure 7 also shows the variation of pressure-drop
coefficlent with the ratio of open area to plate area for
a built-up orifice plate having a thickness of 1 inch and
holes of 3/4-inch diameter (reference 2), The edgss of
the holes were sharp as inrn the case of the orifice plates
tested. The two sets of results are approximately in
agreement.

0ONOLUDING REMARKS

1, The use of orifice plates to simulate radiators
le quite practical Yecause of the simple congtruction of
the plates, the ease wita which the pressure drop can be
varled by the use of corks, and the absence of any large
scale effects.

2. It was found that the orifice coefflclent waried
ae the 0,041 power of the presaure-~drop coefficient times
the constant 0,69,

Langley Memorial Aeronautical Laboratory,
National Advisory Comrittee for seronautics,
Langley Field, Va.
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Figure 1.~ Variation of pressure-drop coefficient witk velocity through screen.
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